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Hydraulic model s tudies  of the  Howard P r a i r i e  Dam Outlet  Works 
were undertaken t o  develop an adequate s t i l l i n g  basin  and t o  make cer ta in  
t h a t  t h e  flow entered the  concrete-lined delivery canal with a minimum 
of m v e s  and surges. 

INTRODUCTIOlr( 

Howard P ra i r i e  Dam i s  an e a r t h f i l l  s t ruc ture  located on 
Beaver Creek, Rogue River Basin, about 15 miles e a s t  of Ashland, Oregon 
( ~ i g u r e  1). The dam embankment w i l l  be approximately 900 feet long at 
the  c r e s t  and w i l l  r i s e  about 88 f e e t  above the creek bed. 

The pr incipal  hydraulic f ea tu r e s  are the  spillway and o u t l e t  
works. The spillway, located a t  t he  lef t  dam abutment and designed f o r  
a maximum discharge of 1,600 second-feet, w i l l  have a low ove r f a l l  c r e s t  
with a chute about 525 f e e t  i n  length  and a s t i l l i n g  basin ( ~ i g u r e  2).  

The ou t l e t  works, designed f o r  a maximum discharge of 100 
second-feet, i s  located near the r i gh t  abutment. The ou t l e t  works 
includes an in take  s t ructure ,  a 3-foot-diameter concrete conduit from 
the intake t o  the  gate chamber, a 2-foot 3-inch by 2-foot 3-inch 
emergency gate,  a 30-inch-diameter s t e e l  pipe from the  gate chamber t o  
the control  house, a 2-foot 3-inch by 2-foot 3-inch high pressure 
regulat ing gate,  and the s t i l l i n g  bas in  ( ~ i g u r e  3). Flow from the  
o u t l e t  works stilling basin en t e r s  a concrete-lined canal t h a t  conveys 
i r r i g a t i o n  water t o  nearby farmland. 

The model s tudies  discussed herein were concerned with t he  
port ion of t he  ou t l e t  works downstream from the regulat ing gate.  
Specif ical ly ,  the  s tudies  were made t o  invest igate  t he  d i s t r i bu t i on  
of flow from the  gate, t o  t e s t  and develop an adequate s t i l l i n g  basin, 
and t o  determine i f  a wave suppressor w a s  needed t o  minimize the waves 
and surges i n  the  delivery csnal .  
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Dam Outlet Works 11 were used i n  designing Howa~d Pra i r ie  Outlet Worke 
because of the sialarity between the two ntructures. However, the 
Froude number fo r  Howard Pra i r ie  Outlet Works vas higher than that f o r  
Vega Outlet Works and a lso  above the range of Froude numbers used i n  
developing the s t i l l i n g  basin design c r i t e r i a  contained i n  Hydraulic 
Laboratory Report No. ~yd-399.2/ Theref ore, the model studies a lso  
served t o  check and extend t h e c r i t e r i a  of Hyd-399 so tha t  it can be 
used i n  deeigning small out le t  structures having Froude numbers between 
20 and 25. 

THE MODEL 

The model, construc2ed t o  a geometrical scale of 1:U.25, 
included the control gate, chute, s t i l l i n g  basin, and about 40 f e e t  of 
the l ined delivery canal ( ~ i g w e  4). The elbow and conduit upstream 
from the control gate, where no adverse flow problem vere anticipated, 
were represented i n  the model by a 3-inch-diameter f lexible  hose leading 
from a preeaure tank, a circular-to-square transition, and a section of 
square conduit t o  which the control gate vas attached. The chute, 
s t i l l i n g  basin, and delivery canal vere conatructed of 3/4-inch plyvood 
i n  an cxir t ing ta i l  box with glass on one side t o  pennit observation of 
the  s t i l l i n g  action. 

Water t o  the model was measured with an or i f ice  m t e r ,  and 
the pnsoure head at the  gate vae measured by piezometers located the 
equivalent of 2 f e e t  3 inches upstream from the gate. Proper tail water 
elevations vere s e t  i n  the model by means of an adjustable gate. 

TKE IrnSTIGATIOIP 

General 

Because the eokxward tilt of the s l ide gate, the slope of the 
chute f loor ,  and the divergence of the training walls of Hovard Prairie 
and Vega Outlet Work6 were identical,  no detailed tes t ing  of the flow 
from the gate was made, and vlsual observatiolu were wed  t o  a 8 s w  no 
adverse flow dlatribution existed i n  the chute. The adequacy of the 

l/Report No. Eyd-418, Hydraulic Uodel Studies of Vega Dam 
Outlet VOTES, Bureau of Reclamation, September 1956. 

g ~ e p o r t  lo.  Hyd-399, "Progress Report 11, Research Study on 
S t i l l i n g  Basins, Eneray Diasipators, and Associated Appurtenanaea," 
Bureau of Reclamation, June 1955. 



measuring the  height of the waves i n  the  center of the delivery canal 
20 f e e t  downstream from the s t ructure .  I n  this study, the  height of 
waves was the difference i n  f e e t  between the maximum c re s t  and the-  
minimum trough measured over a prototype time period of 2 4 2  minutes. 

To cover the complete range of operating conditions, the  model 
was operated at four discharges: 60 second-feet at normal reservoir  
elevation of 4495.06 and 100, 60, and 32.5 second-feet a t  the  maximum 
reservoir  e levat ion ~f 4533.1. Gate openings f o r  theee discharges ranged 
from 17 percent f o r  32.5 second-feet t o  52 percent f o r  100 second-feet. 
The most c r i t i c a l  operating condition f o r  the s t i l l i n g  basin was 100 
second-feet a t  maximum reservoir  elevation 4533.1. 

Preliminary Design 

The model was i n i t i a l l y  constructed t o  represent the  
preliminary design ( ~ i g u e s  4~ and 5 ) .  I n  general, the operation of the 
s t i l l i n g  basin w a s  fair f o r  al l  discharges. The chute blocks were well 
covered and the jump was f a i r l y  s table  ( ~ i g u r e  4 ~ ) .  However, surface 
waves and flow surges were prevalent i n  the  downstream canal. Waves i n  
the c a d  measured 0.34 foo t  f o r  the maximum discharge of 100 second- 
f ee t .  For discharges of 32.5 and 60 second-feet a t  normal reservo i r  
elevation,  the  beginning of the jump submerged the  downstream gate frame. 
Also, a t  the higher discharges, 60 t o  100 second-feet, the gate frame 
was intermit tent ly  submerged, causing a surging ac t ion  i n  the jump 
( ~ i g u r e  4 ~ ) .  

Studies t o  Prevent Gate Submergence 

It vas desirable t h a t  the  gate operate unsubmerged t o  
eliminate pos s ib i l i t i e s  of low pressures i n  the downstream gate frame 
and t o  reduce the amount of surging i n  the s t i l l i n g  basin. The obvious 
nieans of preventing submergence was t o  e i t h e r  r a i s e  the  gate or  lower 
the canal water l eve l  sufficien.t:ly t o  permit the gate t o  operate f r ee ly  
at  all discharges. Hovever, the elevations of the  o u t l e t  conduit and 
the  canal were fixed. The gate could be raised s l i g h t l y  by changing 
the radius of the bend upstream from the gate, but computations showed 
that a s t i l l  higher e levat ion was needed t o  prevent submergence f o r  a l l  
flows. 

The decision w a s  made, therefore, t o  develop a cur ta in  wall  
which would permit the gate flow t o  pass under the  w a l l  and which would 
prevent the t a i l  water from returning t o  the  gate frame. Several t e s t s  
were msde using cur ta in  w a l l s  of various heights. Results  of these t e s t s  
showed t h a t  a cur ta in  w a l l  placed a t  S ta t ion  h92.50 (~ igu re  3) with a 
bottom elevat ion of 4465.75 prevented backf low from the s t i l l i n g  basin 



s t r i k ing  the wa. l l .  The top of the cur ta in  wall  was placed at e levat ion 
4470.50 t o  provide & 2-foot-high passage f o r  air between the  cur ta in  
w a l l  and the f loor  of the control  house. 

Baffle P ie r  Studies 

The operation of the preliminary basin ( ~ i g u r e  4B) indicated 
t h a t  the baf f le  p ie rs  offered insuf f ic ien t  resietance t o  the  incoming 
flow. The boi l  above the  p i e r s  was negligible and the bulk of the 
turbulent flow reraained near the  basin f l oo r  throughout the  basin length. 
It appeared t h a t  FA more s table  jump and be t t e r  energy diss ipat ion of 
the incoming flow would be obtained if la rger  ba f f l e  p i e r s  were i n s t a l l ed  
i n  the basin. 

Because the  p ie rs  were r e l a t i ve ly  high i n  terms of dl, the  
2-foot 9-inch height i n  the  preliminary design vas maintained, and 
changes were made i n  the width and number of p i e r s  t o  increase t h e  
resistance t o  the  flow. Initial t e s t s  were made with round- and square- 
faced piers ,  11 a d  15 inches wide, placed 10 f e e t  downstream from the 
chute blocks. 

It i s  in te res t ing  t o  note t h a t  the  shape of the p ie r  face 
great ly  influenced the effectiveness of the baf f le  pier8 i n  r e s i s t i ng  
the high veloci ty  flow ( ~ i g u r e  6) .  The 11-inch-wide square-faced p i e r s  
offered more resistance t o  the  flow than the  round-faced p ie rs ,  as 
evidenced by the f l a t t e r  slope of the jumy surface and the lack of 
turbulence near the basin f l oo r  a t  the downstream end of the  s t i l l i n g  
basin ( ~ i g u r e  6 ~ ) .  The difference i n  operation between round- and 
square-faced p i e r s  w a s  even more pronounced when piern 1 5  inches vide 
were placed i n  the model ( ~ i g u r e  6 ~ ) .  Wave heights measured a t  a 
discharge of 100 second-feet with the 11-inch-wide p i e r s  i n s t a l i ed  were 
0.34 foo t  f o r  the round-faced ~ i e r s  and 0.28 foo t  f o r  the square-faced 
piers .  Wave heights f o r  the 15-inch-wide round- and square-faced p i e r s  
were 0.15 and 0.11 foot, respectively.  

Because the  maximum incoming flow veloci ty  would be about 
60 f e e t  per second, it was desirable t o  use p ie rs  with a rounded 
upstream face t o  ninimize the  poas lb i l i t i e s  o f  cavi ta t ion pressures 
d o n g  the  p ie r  boundaries. Therefore, subsequent s tudies  were made 
using r o d - f a c e d  piers ,  2 f e e t  9 inches i n  height. 

The s t i l l i n g  basin performance with the  15-inch-wide p ie rs  
i n s t a l l ed  w a s  sa t i s fac tory  and acceptable ( ~ i g u r e  6 ~ ) .  A good s tab le  
jump formed i n  the basin, and waves 0.15 foo t  high were measured i n  the  
downstream canal. It was found necessary t o  i n s t a l l  two row8 of ba f f l e  
p i e r s  11 inches wide t o  form a sa t i s fac tory  jump. Tests made with 3 



the  chute blocks showed t h a t  t he  upstre&rov offered too much resistance 
t o  the  flow and caused a large b o i l  t o  form above the  baf f le  p ie rs .  
Waves measured i n  the canal w i t h  this arrangement were 0.10 t o  0.14 
foot high, or  s l i g h t l y  lover than thoae observed with 1 row of 15-inch- 
vide piers .  

Tests were a l so  made with the  2 rows of 11-inch-wide baf f le  
p i e r s  interchanged, t h a t  is, with 2 p ie rs  i n  the  upstream row and 3 
p i e r s  i n  the  d 0 ~ 8 t r e a I a  row ( ~ i g u r e  7 ~ ) .  The s t i l l i n g  basin performance 
vaa very good with thie arrangement ( ~ i g u r e  ' 7 ~ ) .  The jump w a s  s table ,  
and the turbulence was well  d i s t r ibu ted  i n  the  s t i l l i n g  basin. Waves 
measured i n  t he  canal. varied from 0.10 t o  0.14 foo t  i n  height f o r  
discharges from 32.5 t o  100 second-feet. 

From the above t e s t s ,  it appeared t h a t  the s t i l l i n g  basin 
perforraance was very similar vhen e i t he r  two 15-inch-vide baf f les  or 
f i v e  11-inch-wide baf f les  were i n s t a l l ed  i n  the  basin. However, the 
wave heights were s l i gh t ly  lower, and s l i g h t l y  be t t e r  d i s t r i bu t ion  of 
the  turbulence was obtained with the f i ve  p ie rs .  Therefore, it is 
recommended t h a t  5 piers ,  11 inches wide, be placed i n  2 rovs i n  the 
basin ( ~ i g u r e  7 ~ ) .  

Wave Suppressor Studiee 

To fur ther  reduce t he  wave heights i n  the  canal, t e e t e  were 
made with a wave suppressor i n s t a l l ed  at the  downstream end of the  
basin ( ~ i g u e  5) .  Small b o i l s  and bubbles of air appeared downstream 
from the suppressor at  the  higher flows, indicating t h a t  the auppremor 
should not be placed i n  a turbulent part of the  jump. Even so, the  
height of the  waves i n  the  canal  w a s  reduced t o  0.07 foo t  f o r  a 
discharge of 100 second-feet. 

The wave suppressor was moved dmnstream i n t o  t he  basin e x i t  
t r ans i t i on  v i th  the  bottom surface of the  suppressor p a r a l l e l  t o  and 
5.46 f e e t  above the  s l o ~ i n g  f l o o r  of the  t r a n s i t i o n  ( ~ i g u r e  3). The 
wave heights were reduced t o  0.05 foot  f o r  the  niaximum discharge of 
100 aecond-feet and t o  0.03 and 0.02 foot  f o r  discharges of 60 and 32.5 
second-feet. The jump turbulence was confined t o  the  s t i l l i n g  basin 
and only a t  maximum f l ov  did  air bubbles pass under the  suppressor. 

Without the  wave suppressor, the  waves i n  the  canal were 
comparatively small (maximum of 0.14 foo t  i n  height ) . The concrete- 
l ined  canal was designed w i t h  6 inches of freeboard, which appeared 



for a wave suppressor was therefore questionable. However, a bridge 
across the s t i l l i n g  basin vas needed t o  provide access t o  s parking 
area at the left of t he  structure.  Because the wave suppreasor could 
be combined with the bridge at very l i t t l e  additional coat, the wave 
ruppreaeor w a s  included. 

The operation of the  recommended design f o r  diecharges of 
100, 60, and 32.5 second-feet i s  shown i n  Figurea 8 and 9. A recapitu- 
l a t ion  of the wave heights measured with the varioue W f l e  pier  
arrangements and wave suppressors i s  shown i n  the following table. 

C 



Height of w a n 6  

and : 60 : 60 : 32.5: 100 

: 4495.1 : 4533.1 : 4533.1 : 4533.1 
arrangement 

Plxliminary 
2 rd-faced, 11" piers: : 0.34 

10' from chute . 
2 sq-faced, 11" piers: .28 
10' from chute 

2 rd-faced, 15" piers: 1 5  
10' from chute 

2 sq-faced, 15" piers: .11 
10' from chute 

3 rd-faced, 11" piers: : 0.10 : .14 
at 7' 6" and two : 
11" piers at 12' : 

2 rd-faced, 11" piero: 0.10 : .14 : 0.10 : .14 
at 7' 6" and three : 
11" ,piers at 12' : 

Same as above but : . 07 
with w a v e  aupprcs- : 
sor i n  basin 

Same as above but : -03 : -03 : .02 : -05 
with w a v e  suppres- : 
eor i n  transition : 
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A.  The Model 
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Report Hyd-436 

B. Discharge = 100 second-feet 

HOWARD PRAIRIE DAM OUTLET WORKS 
Preliminary Design 
1:ll. 25 Scale Model 
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Figure  7 
Report Hyd-436 

A .  Recommended Basin 

B. Discharge = 100 cfs, Res .  El .  = 4533.1 

HOWARD PRAIRIE DAM OUTLET WORKS 
Recommended Basin 

Without Wave Suppressor 
1 : 1 1.2 5 S q l e  Model 



Wave Suppressor Installation 

Discharge = 100 cfs ,  Res .  El. = 4533.1 

HOWARD PRAIRIE DAM OUTLET WORKS 
Recommended Basin With 

Wave Suppressor in Outlet Transition 
1:11.25 Scale Model 



Figure  9 
Report Hyd-436 

Discharge = 60 d s ,  R e s .  El. = 4533.1 

Discharge = 60 ds, R e s .  El.  = 4495.0 

Discharge = 32.5 cfs ,  R e s .  El. = 4533.1 

HOWARD PRAIRIE DAM OUTLET WORKS 
Operation of Recommended Basin With 
Wave Suppressor in Outlet Transition 

1:11.25 Scale Model 


